Introduction 22
Dietary fibres (DFs) are regarded as the most widely used functional ingredient in foods, but 23 they have been hardly applied as such in seafood. The addition of DF to fishery products is of 24 great interest not only as a means to further complement its healthy characteristics, but also as a 25 means of improving the technological properties of the products (Borderías, Sánchez-Alonso & 26 Pérez-Mateos, 2005) . The technological feasibility of the use of different DFs (Sánchez-Alonso, 27
Haji- Maleki & Borderías, 2006 , 2007a Sánchez-Alonso, Solas & Borderías, 2007b,c; Sánchez-28 Alonso & Borderías, 2008; Sánchez-González, Rodríguez-Casado, Careche & Carmona, 2009) , 29 has been checked and found, among a range of commercial and non commercial DFs, the best 30 DF types and formulations in terms of maintaining or improving texture, water holding 31
properties and sensory properties of the fish product prototypes. Also in these works, Product 32
Tests have shown that there is an opportunity to develop new seafood products enriched in DFs 33 better adapted to consumer preferences (Careche et al., 2008; Borderías et al., 2008) , which can 34 be seen as a new business opportunity for some industries. 35
Fish muscle from some species is very prone to oxidation which in turn causes the end of the 36 commercial acceptability of these products. Some of the DFs studied, had antioxidant properties 37 which helped in delaying lipid oxidation Borderías, Larsson & Undeland, 38 2007; Sánchez-Alonso, Jiménez-Escrig, Saura-Calixto & Borderías, 2007 , 2008 Sánchez-39 Alonso & Borderías, 2008) . However, these antioxidant DFs conferred a colour to the products 40 not always suitable for certain applications. 41
In this context, it has been found that natural antioxidants such as hydroxycinnamic acids could 42 successfully delay lipid oxidation in minced fish muscle (Medina, Gallardo, González, Lois & 43 Edges, 2007; Medina, González, Iglesias & Hedges, 2009; Iglesias, Pazos, Andersen, Skibsted 44 & Medina, 2009 The peroxide value of fish muscle was determined by the ferric thiocyanate method (Chapman 118 & Mackay, 1949) and was expressed as meq oxygen / kg lipid. 119 120 2.6. Conjugated diene and triene hydroperoxides 121
Lipids were extracted from mackerel muscle (Bligh & Dyer, 1959) and the lipid content was 122 determined gravimetrically in triplicate. Conjugated hydroperoxides were measured from fish 123 oil samples dissolved in hexane, and absorbance was measured at 234 nm and 268 nm. 124
Concentrations of hydroperoxides were calculated as mmol of hydroperoxides per kg of oil as 125 described by Frankel, Huang, Kanner and Bruce-German (1994) . 126 127 2.7. Volatiles 128 Fish volatiles were analysed by HS-SPME coupled with GC-MS according to Iglesias and 129 Medina (2008) . Briefly, 3 g of fish minced muscle were homogenized for 2 minutes with 8 mL 130 of ultrapure water saturated in NaCl. The mixture was centrifuged (10 minutes, 2850 xg) and 6 131 mL of supernatant were exposed to a CAR-PDMS fibre (75μm Carboxen/polydimethylsiloxane 132 coating (Supelco, Bellefonte, PA) during 30 min at 60 °C. The fibre was then removed from the 133 vial and inserted into the GC injection port for desorption during 10 min to 300 ºC. 134
Determination of volatiles was performed by the method of internal standards using 3-methyl-3-135 buten-1-ol. GC-MS analysis was performed in a Thermo Finnigan ThermoQuest (San Jose, CA) 136 gas chromatograph equipped with a split/splitless injector and coupled with a Trace quadrupole 137 mass detector (Thermo Finnigan ThermoQuest,San Jose, CA). Colour measurements consisted of determining L*, a* and b* using a CIELab scale (Young & 141 Whittle, 1985; Park, 1995) where L* is the parameter that measures lightness, +b* the tendency 142 towards yellow and +a* the tendency towards red. Measurements were done on a Minolta 143 Chroma Meter model CR-400 colorimeter and were standardized with respect to the white 144 calibration plate. Measurements were done in raw samples at least in triplicate. 145 detecting rancidity/painty odours using a hedonic scale from 8 to 1, where 8 was the aroma of 178 absolutely fresh and 1 a putrid aroma (Richards, Kelleher & Hultin, 1998 Each sample type (formulation) was replicate in two independent storage experiments (n=2) 184 using different batches of horse mackerel to confirm results obtained in the first experiment. 185
The samples were analyzed in triplicate (thus, a=3) for proximate analyses, conjugated 186 diene/trienes hydroperoxides, mechanical properties and water binding capacity. PV and 187 volatiles were performed in duplicate (a=2), colour was measured at least in triplicate (a=3), and 188 at least four persons smelled the samples (a=4). Assays were carried out on single bags for each 189
formulation. An average value of the replicate analyses was used in calculations of sample 190 variation and significance testing. Table 3 . Less oxidation by-products were formed in 220 CA than in the CO sample over a period of 10 days. Wheat DF showed a significant prooxidant 221 effect on MFM that was significantly inhibited in presence of 100 mg/kg of caffeic acid. In CA 222
and WDFCA samples lipid oxidation was also completely inhibited. The effectiveness of this 223 natural antioxidant in preventing lipid oxidation has been proved by Medina et al. (2007) in12 minced chilled horse mackerel. These results show that it is also effective in a more complex 225 formulation. Additionally, the pattern of volatiles formed demonstrated that samples containing 226 wheat DF displayed a significant inhibition of the formation of target compounds associated to 227 microbial spoilage. Therefore, compounds as trimethylamine and 3-hydroxy-2-butanone showed 228 lower levels in samples WDF and WDFCA than in CO and CA samples (data not shown) . 229 and WDF decreased after 9 days from 7.6 to 2.6 and 7.8 to 1.2 respectively. The highest 242 decrease in the control sample was observed at day 5 (42% of decrease in a* value) and in the 243 case of the WDF sample the highest decrease was found at day 2 (60% of decrease). This 244 decrease of redness in raw control sample could be related to haemoglobin oxidation and a build 245 up of brownish met-Hemoglobin (Wetterskog & Undeland, 2004) . Decreases in a* have been 246
proposed as an indirect mean of following Hb-mediated lipid oxidation in fish muscle 247 (Undeland, Ekstrand & Lingnert, 1998) . This is especially important for species like horse (Table 4 ). In addition, wheat DF containing samples (WDF and WDFCA) showed 275 significant increases in hardness and chewiness along storage (Table 4 and The inclusion of wheat DF lowered significantly (p<0.05) the water binding capacity of raw 295 samples regardless the addition of caffeic acid (Figure 4) . A decrease in WBC in minced fish 296 15 muscle with added wheat DF has been reported previously (Sánchez-Alonso et al., 2007a) . The 297 presence of caffeic acid does not affect the water binding capacity of the formulations since no 298 significant differences were found when comparing CO vs CA or WDF vs WDFCA (Figure 4) . 299
No differences in the trends were found at the end of the storage (day 9). 300
The results could be explained as follows: on the one hand, the formulations are done in 301 conditions of substitution of mince by wheat DF, thus keeping the moisture constant. Wheat DF 302 has very high water retention properties, ranging between 7-8 g water/g DF (Sánchez-Alonso et 303 al. 2007c), but the ratio of free to entrapped water in wheat DF suspensions at 75 g/100g 304 moisture, is much higher than this ratio for the fish muscle at this moisture (Low Field NMR 305 results, not shown). Andersen and Jorgensen (2004) found that a centrifuged mince as 306 performed in WBC, contained both entrapped and free water, but with a higher proportion of the 307 former. So the substitution of mince by wheat DF implies a lower WBC in wheat DF containing 308 formulations, due to the fact that there is an enrichment of free water in those samples. 309 Also, wheat DF may retire water from the muscle and cause a lower local moisture and partial 310 denaturation of the muscle proteins, contributing to the total WBC loss in these samples, as has 311 been observed in other systems such as surimi gels enriched in wheat DF (Sánchez-González et 312 al., 2009 ). This lower local moisture in the mince would also explain the effect of the wheat DF 313 on lipid oxidation and microbial growth, which are influenced by a decrease on water activity 314 (proportion of water available for biological and chemical reactions). The rate of lipid oxidation 315 would increase due to the resulting major concentration of solutes (Frankel, 1998) . 316
Nevertheless, this oxidation was inhibited when caffeic acid was added to samples with added 317 wheat DF (WDFCA). 318
There were no differences in cooking loss among samples. WBC values were in general lower 319 than the uncooked ones for the samples with no wheat DF added, and the effect of this 320
